Abstract.
Introduction
Magnetospheric substorms are global events that are detected by various instruments on the ground and in space. The onset of a substorm is characterized by rapid temporal and spatial changes of plasma and field parameters. The phenomenology and models of the substorm onset are based on well-established signatures, typically deduced from nearequatorial spacecraft or ground-based arrays [e.g., Baker et al., 1996; The Polar spacecraft provides a valuable tool to address the substorm onset in the plasma sheet midway along field lines between the ionosphere and the equatorial plasma sheet. The ISEE-1 spacecraft, for example, also provided observations in this region. Cattell et al., [1982] reported bursty electric fields during substorm activity using ISEE-1 measurements. The state-of-the-art instrumentation onboard Polar provides more complete measurements of various plasma and field parameters with higher time resolution than has previously been available. This is a key requirement for identification and timing of substorm onset signatures.
Observations
The event on Oct. 17, 1997 was an isolated substorm. The (Fig. 1 i) and large field-aligned flows (Fig. lj) , caused by proton beams with energies from ,,., 3 keV up to the upper energy limit of TIMAS (33 keV). These signatures can be pre-cursors of the onset. Alternatively, they can be associated with the plasma sheet boundary and further support the Polar location near the plasma sheet boundary.
At the onset, an abrupt enhancement in electron fluxes (Fig. le) and an increase in the electron mean energy (Fig.  l f) Furthermore, the good correlation between the rise times of the precipitation at MUO (Fig. lb) and the mean electron energy at Polar (Fig. l f) also favor this interpretation.
The particle flux enhancements, in principle, can be a combination of three (spatial/temporal) processes: the first is the plasma sheet expansion, which displaces Polar inward relative to the regions of higher fluxes (spatial); the second is the energization on the Polar field line (temporal); and the third is the drift of energized particle populations to the Polar location (spatial). Any definite separation between these three processes is difficult without an extensive analysis of particle spectra, which is beyond the scope of this paper. However, we anticipate that the observed flux enhancements were mainly caused by plasma sheet expansion and energization. The plasma sheet expansion is apparent as a clearly larger extent of the post-onset plasma sheet (Figs. l c and  1 e) . The good agreement between the mean electron energy deduced from HYDRA (Fig. If) and the electron precipitation at MUO (Fig. lb) strongly argues for a temporal flux enhancement. Furthermore, the delay of the flux enhancement in CEPPAD/IES can be attributed to the energization reaching the instrument energy range. Finally, the Polar location in the tail prior to the onset indicates that Polar was unable to see any earthward propagating injection fronts. Table 2 timing of the other signatures relative to the onset. An important feature of the timing is that the onset is simultaneous on the ground and at Polar to within the time resolution of the data. This is reasonable as the Alfv•n travel time from Polar to the ionosphere is typically less than 10 sec. Another important aspect of this event is that the timing of several signatures at Polar deviates from the onset, most notably, the flow bursts, the dipolarization, and the flux enhancement of higher energy electrons. This may indicate that the flows in the plasma sheet are enhanced before the dipolarization and electron injection at geostationary distances.
Summary and Discussion
We have identified a new previously unreported substorm onset signature in the particle and field measurements midway along field lines between the ionosphere and the equatorial plasma sheet. The event reported was observed by the Polar spacecraft on October 17, 1997. Polar was able to capture the onset of an isolated substorm by entering the plasma sheet prior to, and remaining after, the onset. Furthermore, Polar was in a close conjunction with the groundbased MIRACLE array.
These observations were used to define the substorm onset time and to relate space-based signatures observed at Polar with those observed on the ground (Table 1) The results of this paper give confidence to investigate substorm onsets for several more events, especially for those with observations available in the equatorial plasma sheet. In addition to the accurate onset determination, several dynamical features showed timing which deviated clearly from the onset. These deviations from the onset time suggest that not only the field-aligned propagating signatures are detected at Polar, but also features that are more confined in the equatorial plasma sheet can remotely be monitored from the Polar altitude. This encourages similar use of our the data set to test ground truth for models that attempt to solve the problem of substorm onset.
